Ϫ activity in the kidney, responses to administration of the NO synthase inhibitor nitro-L-arginine methyl ester (L-NAME; 200 g ⅐ min Ϫ1 ⅐ kg body wt Ϫ1 ) were assessed in knockout mice the lacking NAD(P)H oxidase subunit gp91 phox (KO; n ϭ 10) and in wild-type (WT; n ϭ 10) mice. Renal blood flow (RBF) and glomerular filtration rate (GFR) were determined by PAH and inulin clearances, respectively. Baseline RBF was higher in KO compared with WT mice (5.8 Ϯ 0.5 vs. 4.5 Ϯ 0.3 ml ⅐ min Ϫ1 ⅐ g Ϫ1 ; P Ͻ 0.04) without significant differences in GFR (0.62 Ϯ 0.04 vs. 0.73 Ϯ 0.05 ml ⅐ min Ϫ1 ⅐ g Ϫ1 ) and in mean arterial pressure (MAP; 91 Ϯ 6 vs. 88 Ϯ 4 mmHg). L-NAME infusion for 60 min caused similar increases in MAP (114 Ϯ 6 vs. 113 Ϯ 3 mmHg) in both groups but resulted in a lesser degree of reduction in RBF in KO compared with WT mice (Ϫ7 Ϯ 3 vs. Ϫ17 Ϯ 3%; P Ͻ 0.02), although GFR remained unchanged in both groups. The natriuretic response to systemic L-NAME infusion was attenuated in KO compared with WT mice (⌬: 3.1 Ϯ 0.7 vs. 5.2 Ϯ 0.6 mol ⅐ min Ϫ1 ⅐ g Ϫ1 ). L-NAME increased urinary 8-isoprostane excretion rate in WT (5.9 Ϯ 1 to 7.7 Ϯ 1 pg ⅐ min Ϫ1 ⅐ g Ϫ1 ; P Ͻ 0.02) but not in KO mice (5.6 Ϯ 1 to 4.9 Ϯ 0.3 pg ⅐ min Ϫ1 ⅐ g Ϫ1 ). In contrast, responses to another vasoconstrictor, norepinephrine, were similar in both strains of mice. These data indicate that activation of NAD(P)H oxidase results in the enhancement of O 2 Ϫ activity that influences renal hemodynamics and excretory function in the condition of NO deficiency. superoxide; oxidative stress; renal blood flow; sodium excretion; 8-isoprostane excretion CURRENT LITERATURE REVEALS an increasing recognition that the interaction between nitric oxide (NO) and superoxide (O 2 Ϫ ) plays an important role in the physiology as well as in the pathophysiology of kidney function and in hypertension (8, 19, (23) (24) (25) 42) . Most of the evidence suggests that there is a balance between the production of NO and O 2 Ϫ that regulates the body function by opposing each other's action. It was demonstrated in vitro that O 2 Ϫ production was increased during NO inhibition in an isolated aortic strip (11). Enhancement of O 2 Ϫ activity by inhibiting SOD enzymes has been shown to decrease renal blood flow (RBF) and sodium excretion (U Na V; Refs. 8, 19, 20, 24, 26) , and these responses to SOD inhibition were markedly enhanced during inhibition of the NO synthase (NOS) enzyme (20, 24, 25 
superoxide; oxidative stress; renal blood flow; sodium excretion; 8-isoprostane excretion CURRENT LITERATURE REVEALS an increasing recognition that the interaction between nitric oxide (NO) and superoxide (O 2 Ϫ ) plays an important role in the physiology as well as in the pathophysiology of kidney function and in hypertension (8, 19, (23) (24) (25) 42) . Most of the evidence suggests that there is a balance between the production of NO and O 2 Ϫ that regulates the body function by opposing each other's action. It was demonstrated in vitro that O 2 Ϫ production was increased during NO inhibition in an isolated aortic strip (11) . Enhancement of O 2 Ϫ activity by inhibiting SOD enzymes has been shown to decrease renal blood flow (RBF) and sodium excretion (U Na V; Refs. 8, 19, 20, 24, 26) , and these responses to SOD inhibition were markedly enhanced during inhibition of the NO synthase (NOS) enzyme (20, 24, 25) . It was also observed that the urinary excretion rate of 8-isoprostane (a marker for endogenous O 2 Ϫ activity) increased during acute (8, 25) or chronic (19) NOS inhibition, a response that was ameliorated by administration of tempol (a O 2 Ϫ scavenger), indicating that NOS inhibition caused enhancement of endogenous O 2 Ϫ activity. Tempol administration has also been shown to attenuate the renal excretory responses to NOS inhibition (8, 25) . It was demonstrated that O 2 Ϫ , which is locally produced in the juxtaglomerular apparatus, limits NO signaling from the macula densa and enhances tubulo-glomerular feedback responses (41, 42) . Collectively, these studies support the notion that NO plays a protective role against the actions of O 2 Ϫ in the kidney. Although NOS inhibition increases O 2 Ϫ activity in the vascular tissue (11, 35) and in the kidney (20, 24, 25) , the responsive enzymatic source of such enhancement of O 2 Ϫ production is yet to be identified.
Among the various enzymes, NAD(P)H oxidase is one of the major sources of O 2 Ϫ production in the vascular tissue (1, 10, 32, 33, 37) as well as in the kidney (5, 9, 17). NAD(P)H oxidase is composed of several subunits, where gp91 phox acts as a catalytic subunit for the production of O 2 Ϫ (1, 9, 31). Recently, we reported (13) that at the basal condition RBF is higher in knockout (KO) mice lacking the gene for gp91 phox of NAD(P)H oxidase compared with the wild-type (WT, C57BL/6) mice. We (13) also reported that urinary excretion of NO metabolites in these KO mice was higher than in the WT mice. Similarly, higher NO bioavailability was also reported in the vascular tissue of KO mice by Gorlach et al. (10) . Thus higher NO bioavailability in KO mice appears to be due to lower O 2 Ϫ generation in the absence of the gp91 phox subunit of NAD(P)H oxidase.
We hypothesize that the NAD(P)H oxidase enzyme is the source of enhanced O 2 Ϫ activity that results due to a deficiency in NO production and such enhanced O 2 Ϫ activity influences renal hemodynamic and excretory responses to NOS inhibition. Thus, in the present study, we evaluated the functional responses to acute NOS inhibition in mice lacking the gene for the gp91 phox subunit of NAD(P)H oxidase to assess the source and contribution of enhanced O 2 Ϫ activity in the kidney during NO deficiency.
MATERIALS AND METHODS
The studies were performed in accordance with the guidelines and practices established by the Tulane University Animal Care and Use Committee. Male gp91 phox KO mice and WT C57BL/6 mice (both supplied by Jackson Laboratories, Bar-Harbor, ME) were housed in a temperature-and light-controlled room and allowed free access to a standard diet (Ralston-Purina, St. Louis, MO) and tap water. The gp91 phox -deficient mice were developed and maintained in the C57BL/6J strain that was purchased from the Jackson Laboratory (30) . Because the C57BL/6 mice (WT) are commonly used as the genetic background for gene-targeted mutations, this strain was used as a control group for the KO mice (31) .
On the day of experiments, mice weighing ϳ25 g were anesthetized with inactin (thiobutabarbital sodium, 110 mg/kg body wt ip; dissolved in saline; stock solutions were kept in the refrigerator at 4°C). Supplemental doses of inactin (10 mg/kg ip) were administered as required. This dose helped to maintain a stable level of systemic blood pressure during the long experimental period. The mice were placed on a servo-controlled surgical table that maintained the their body temperature at 37°C, and a tracheostomy was performed. The mice were allowed to breathe air enriched with O 2 by placement of the exterior end of the tracheal cannula inside a small plastic chamber into which humidified 95% O 2-5% CO2 was continuously passed. (4, 13) . The right carotid artery was cannulated with PE-10 tubing connected to PE-50 tubing for continuous measurement of arterial pressure and blood sampling. Arterial pressure was measured with a pressure transducer connected to the carotid cannula and was monitored with the AcKnowledge data acquisition system (Biopac). The right jugular vein was catheterized with a PE-10 tube for fluid infusion at the rate of 4 l/min via a CMA microdyalysis pump. During surgery, an isotonic saline solution containing 6% albumin (bovine serum; Calbiochem, La Jolla, CA) was infused. After surgery, the infusion fluid was changed to isotonic saline containing 2% albumin, 7.5% Inulin (Inutest; Laevosan, Linz/Donau, Austria), and 1.5% PAH (Merck Sharpe & Dohme, West Point, PA). The bladder was catheterized with a PE-90 tube via a suprapubic incision for urine collection.
After a 60-min equilibration period after the completion of surgery, the experimental protocol was started with urine collection for a 30-min clearance period to determine the baseline level. Then an infusion of nitro-L-arginine methyl ester (L-NAME; 200 g⅐min Ϫ1 ⅐kg Ϫ1 iv; Refs. 6, 35) was initiated. After a 10-min stabilization, urine was collected for two consecutive 30-min clearance periods. After the second collection period during L-NAME infusion, an arterial blood sample (500 l) was taken for measurements of hematocrit and plasma PAH, inulin, and sodium/ potassium concentrations. To maintain a stable preparation during the experimental period, only one blood collection was made at the end and the values obtained from this sample were used to calculate inulin and PAH clearances for all the collection periods as reported in our earlier studies (4, 13) . Since a period of at least 30 min period is required to observe the full effects of L-NAME infusion (21, 23) , the values obtained from the second collection period were considered for calculating the responses to L-NAME. At the end of the experimental protocol, the animals were killed with a high dose of inactin anesthesia and the kidneys were removed and weighed.
Separate groups of age-matched KO and WT mice were used to evaluate and compare the renal responses to another vasoconstrictor agent, norepinephrine (NE) with those observed with L-NAME treatment. NE was infused at a rate of 5 g⅐min Ϫ1 ⅐kg Ϫ1 iv, as this dose showed a comparable renal vasoconstrictor response similar to L-NAME infusion. The protocol followed in these experiments was exactly the same as that with L-NAME. Similar to L-NAME treated groups, the values of renal parameters obtained during the 2 nd collection period were considered as the responses to NE.
Analytical procedures. Blood and urine samples collected during systemic experiments were analyzed for inulin, PAH, and sodium/ potassium concentrations. Inulin and PAH concentrations were determined by spectrophotometry and sodium/potassium concentrations were determined by flame photometry. The value for inulin clearance was considered as the glomerular filtration rate (GFR), and the value for PAH clearance was considered as renal plasma flow (RPF) as reported previously in mice (13 
RESULTS
Renal hemodynamic responses to L-NAME in KO and WT mice. Figure 1A shows the RBF responses to systemic administration of L-NAME. Baseline RBF was higher in KO compared with WT mice (5.8 Ϯ 0.5 vs. 4.5 Ϯ 0.2 ml⅐min Ϫ1 ⅐g Ϫ1 ; P Ͻ 0.04), as reported previously (13) . However, it was noted that the baseline value of RBF in mice in the present study was higher than what was observed in our earlier study (13) . Although we have no clear explanation of this difference in baseline RBF between these two studies, it may be due to the use of a single vs. multiple anesthetic agents. In our earlier study (13) , a combination of inactin and ketalar (a mixture of ketamine and xylazine) was used as anesthetic agent. However, only inactin was used in the present study. Figure 1 illustrates the RBF responses to NOS inhibition in WT and KO mice. In response to L-NAME, RBF decreased from 4.5 Ϯ 0.2 to 3.7 Ϯ 0.2 ml⅐min Ϫ1 ⅐g Ϫ1 (P Ͻ 0.002) in WT mice and from 5.8 Ϯ 0.5 to 5.4 Ϯ 0.5 ml⅐min Ϫ1 ⅐ g Ϫ1 (P Ͻ 0.04) in KO mice (Fig. 1A) . The decrease in RBF (Ϫ7 Ϯ 2.7%) in response to L-NAME in KO mice was significantly (P Ͻ 0.03) lower than in WT mice (Ϫ17 Ϯ 3.2%; Fig. 1B ). Intravenous administration of L-NAME caused a similar increase in MAP in both groups of mice. MAP increased from 91 Ϯ 6 to 114 Ϯ 5 mmHg (25 Ϯ 4%) in KO mice and from 88 Ϯ 4 to 113 Ϯ 3 mmHg (31 Ϯ 6%) in WT mice. Figure 2 illustrates the RVR response to L-NAME. Baseline RVR in KO (15.8 Ϯ 1.4 mmHg⅐ml Ϫ1 ⅐min⅐g) was lower than in WT (20.4 Ϯ 1.5 mmHg⅐ml Ϫ1 ⅐min⅐g; P Ͻ 0.04). In response to L-NAME, RVR increased from 15.8 Ϯ 1.4 to 21.6 Ϯ 2.3 mmHg⅐ml Ϫ1 ⅐min⅐g (P Ͻ 0.007) in KO mice and from 20.4 Ϯ 1.5 to 31.3 Ϯ 1.6 mmHg. ml⅐min Ϫ1 ⅐g Ϫ1 (P Ͻ 0.001) in WT mice ( Fig. 2A) . The increase in RVR in response to L-NAME in KO mice (29.5 Ϯ 5%) was significantly (P Ͻ 0.005) lower than in WT mice (57.3 Ϯ 6%, Fig. 2B ). L-NAME administration did not cause a significant change in GFR (from 0.62 Ϯ 0.05 to 0.60 Ϯ 0.06 ml⅐min Ϫ1 ⅐g Ϫ1 ) in KO or in WT mice (from 0.73 Ϯ 0.05 to 0.74 Ϯ 0.06 ml⅐min Ϫ1 ⅐g
Ϫ1
; Fig. 3A ). Renal excretory responses to L-NAME in KO and WT mice. Systemic administration of L-NAME increased urine flow (V) from 6.7 Ϯ 1.2 to 19 Ϯ 3.6 l ⅐min Ϫ1 ⅐g Ϫ1 (202 Ϯ 57%) in KO and from 8.5 Ϯ 1.6 to 33.6 Ϯ 3.7 l⅐min Ϫ1 ⅐g Ϫ1 (444 Ϯ 81%) in WT mice (Fig. 3B) . Figure 4A shows the U Na V responses to systemic administration of L-NAME. In response to L-NAME, U Na V increased from 0.62 Ϯ 0.1 to 3.7 Ϯ 0.8 mol⅐min Ϫ1 ⅐g Ϫ1 (550 Ϯ 170% ) in KO and 0.75 Ϯ 0.2 to 5.9 Ϯ 0.76 mol⅐min Ϫ1 ⅐g Ϫ1 (1,116 Ϯ 195%) in WT mice. Compared with KO mice, the increases of U Na V were higher in WT mice (550 Ϯ 170 vs. 1,116 Ϯ 195%; P Ͻ 0.05). In response to L-NAME, fractional excretion of sodium (FE Na ) increased from 0.69 Ϯ 0.16 to 4.09 Ϯ 1.0% in KO mice and from 0.55 Ϯ 0.08 to 5.2 Ϯ 0.6% in WT mice, which was not statistically different between the groups. In conscious animals in our earlier study (13), a significant difference was observed in 24-h urinary excretion of sodium between KO and WT mice. However, the U Na V noted in the anesthetized animals was not significantly different between the strains in the present as well in our earlier study (13) . There was no difference in potassium excretion (U K V) between the KO and WT mice in the basal condition (0.91 Ϯ 0.1 vs. 1.03 Ϯ 0.2 mol⅐min Ϫ1 ⅐g Ϫ1 ) or in response to L-NAME (0.96 Ϯ 0.16 vs. 0.99 Ϯ 0.07 mol⅐min Ϫ1 ⅐g Ϫ1 ). Interestingly, L-NAME infusion increased urinary 8-isoprostane excretion (U Iso V; marker for endogenous O 2 Ϫ activity) in WT but not in KO mice (Fig. 4B) . In WT mice, U Iso V increased (5.9 Ϯ 1 to 7.7 Ϯ 1 pg⅐min Ϫ1 ⅐g Ϫ1 ; P Ͻ 0.02), while it did not increase in KO mice (5.6 Ϯ 1 to 4.9 Ϯ 0.3 pg⅐min Ϫ1 ⅐g Ϫ1 ). NE induced renal responses in KO and WT mice. In response to NE administration, RBF decreased from 7.1 Ϯ 0.2 to 5.6 Ϯ 0.4 ml⅐min Ϫ1 ⅐g Ϫ1 (P Ͻ 0.04) in KO mice and from ). There were increases in V, U Na V, and FE Na in both the KO and WT mice in response to NE. U Na V increased from 0.64 Ϯ 0.2 to 2.4 Ϯ 0.7 mol⅐min Ϫ1 ⅐g Ϫ1 (P Ͻ 0.02; 309 Ϯ 114%) in KO and 0.75 Ϯ 0.2 to 5.9 Ϯ 0.76 mol⅐min Ϫ1 ⅐g Ϫ1 (P Ͻ 0.03; 216 Ϯ 93%) in WT mice (Fig. 6A) . However, the magnitude of these responses was not different between the KO and WT mice in response to NE (Fig. 6A) . U K V did not change in either the KO or the WT mice in response to NE. There were also no significant changes in U Iso V responses to NE in either group of mice (Fig. 6B) . In KO mice, U Iso V altered from 5.9 Ϯ 1.2 to 5.1 Ϯ 1.6 pg⅐min Ϫ1 ⅐g
and in WT mice from 6.3 Ϯ 0.1 to 5.5 Ϯ 1.6 pg⅐min Ϫ1 ⅐g Ϫ1 .
DISCUSSION
The results of the present investigation demonstrated that the renal vasoconstrictor response to administration of a NOS inhibitor, L-NAME, was significantly attenuated in KO mice lacking the gene for gp91 phox subunits of NADPH oxidase compared with the response in WT mice. These KO mice have higher basal RBF and lower vascular resistances than in WT mice. Although these KO mice had higher NO bioavailability than WT mice (13) , NO blockade in these mice did not cause greater response on RBF or vascular resistance than in WT as might be expected but rather showed an attenuated response. On the other hand, the renal vasoconstrictor response to NE was not different between these KO and WT mice. It was observed that there was an increase in U Iso V (a marker for endogenous O 2 Ϫ activity) in response to L-NAME in WT mice but not in KO mice. NE administration did not cause any change in U Iso V. Previous studies (8, 12, 17, 18, 19, 25 ) from many laboratories have validated that a change in U Iso V is linearly correlated with endogenous O 2 Ϫ activity. The increase in U Iso V in response to L-NAME treatment in WT mice indicates that NO blockade caused enhancement of O 2 Ϫ activity. Enhancement of O 2 Ϫ activity in response to NOS inhibition was also reported in the aortic vasculature (11) and in the kidney (16, 19, 25) . The findings that U Iso V remained unaltered in KO mice during L-NAME infusion suggest that an activation of NAD(P)H oxidase is required for the enhancement of O 2 activity in response to NOS inhibition. As such increase in O 2 Ϫ activity was absent in KO mice, this resulted in attenuation of the vasoconstrictor response to L-NAME in KO mice. In an earlier study (13) , we also demonstrated that ANG II induced renal vasoconstriction was attenuated in KO compared with WT mice, which was attributed to the lack of ANG II induced increase in O 2 Ϫ activity. Collectively, these results demonstrate that the mechanism involved in mediating renal vasoconstrictor response to NOS inhibition is not limited to only a decrease in NO activity but also to a concomitant increase in O 2 Ϫ activity. The findings of the present study are in agreement with the results from a recent study by Just et al. (16) in rats that showed an increase in RBF in response to apocynin (NADPH oxidase inhibitor) or tempol (O 2 Ϫ scavenger) administration in L-NAME pretreated rats, indicating that enhanced O 2 Ϫ activity partially contributes to the renal vasoconstrictor response to NOS inhibition.
Although Just et al. (16) also showed an attenuation of the vasoconstrictor response to NE in apocynin/tempol-treated rats, such attenuation of NE response was not seen in KO mice in the present study. The apparent discrepancy in the implications of these results could be related to the differences in the choice of experimental protocols and the routes of NE administration in both the studies. In the present study, assessment of the renal responses to a systemic infusion of NE was made for more than an hour, while the study by Just et al. (16) assessed the RBF response to a bolus administration of NE infused directly in the renal artery for only 2 min. Thus such direct short-term effects of NE in the renal vasculature could be different from the effects of comparatively longer period administration of NE systemically. However, other previous studies also reported that NE administration in vitro did not affect vascular O 2 Ϫ production in aortic vascular segments (32) or NO production in carotid vessels (34) . The vasoconstrictor response to NE was shown to remain unaffected by L-NAME pretreatment in isolated aortic vessels (35) .
The dose of L-NAME used in the present study was shown to prevent the vasodepressor action of acetylcholine or bradykinin in earlier studies (6, 23, 36) conducted in our laboratory. Functional evidence from those initial studies (6, 23, 36) indicated that this dose of L-NAME exerted a maximal renal vasoconstrictor response, indicating a near complete blockade of NO formation in the kidney. Thus it was reasonable to assume that this dose achieved a maximal inhibition of NOS in these mice. However, it could be argued that the effective inhibitory dose of L-NAME could be different in KO mice than in WT mice as the former had higher NO bioavailability compared with the later. This seems unlikely, as this dose of L-NAME resulted in similar increases in arterial pressure in both WT and KO mice. Although a direct measure of NO or O 2 Ϫ production in the renal vasculature or an assessment of the renal regional differences in their levels was not performed in the present study, it was observed earlier (13) that KO mice have a higher urinary excretion rate of NO metabolites indicating increased NO bioavailability compared with WT mice. As O 2 Ϫ reacts with NO and limits its bioavailability, it is expected that a reduction in O 2 Ϫ production would lead to higher NO bioavailability in these KO mice. Although a direct measure of O 2 Ϫ production before and during NOS inhibition was not made in the present study, previous studies have clearly demonstrated that NOS inhibition enhances vascular O 2 Ϫ production in rats (39) , in mice (7), and also in humans (11) . The exact mechanism that resulted in an increased endogenous level of O 2 Ϫ production during NOS inhibition is not yet clear. Both NO and O 2 Ϫ are constant products of cellular metabolism, and both of these molecules are constantly interacting with each other in biological tissues (14, 20) . Normally, the O 2 Ϫ level in the tissue is kept to a minimal level by the anti-oxidative function of NO as well as SOD. However, when NO production is diminished in the tissue, it is expected that this balance is altered, allowing accumulation of O 2 Ϫ in the tissue because of its inadequate removal by NO. Although no direct evidence is currently available, it may be possible that the intact NO activity may regulate the activity of the NAD(P)H enzyme. However, as reported previously (13), the basal U Iso V was not different between KO and WT mice in the present study. The reason could be the involvement of other enzymatic (xanthine oxidase, cyclooxygenase enzymes) or nonenzymatic (mitochondria) mechanisms in the compensatory regulation of the basal level of O 2 Ϫ activity in KO mice. However, further in vivo as well as in vitro experiments are required to delineate these interactions between NO and O 2 Ϫ at the enzymatic level in the kidney. It should be emphasized here that the elucidation of the exact molecular mechanism involved in this process was not the primary question that was addressed in the present study. Such assessment of molecular mechanisms is beyond the scope of these present in vivo experiments and will require separate in vitro studies with appropriate protocols to address more focal questions. It could be argued how the interaction of NO and O 2 Ϫ may provides a reno-protective function (18 -20, 24 -26) when it is known that the reaction between NO and O 2 Ϫ results in the formation of peroxynitrite (ONOO Ϫ ), a powerful cytotoxic agent. Although the exact mechanism of this protective effect of ONOO Ϫ is not yet clearly understood, we have recently reported (27) that while an intra-arterial infusion of a high dose of ONOO Ϫ in the kidney caused decreases in RBF and GFR, a lower dose resulted in vasodilator and hyperfiltration responses that were abolished in the condition of NO blockade. These findings support the hypothesis that OONO Ϫ acts as a NO-dependant vasodilator and provides reno-protective function at low physiologic concentrations but acts as an oxidant radical and contributes to the renal pathophysiology at higher concentrations. However, more comprehensive studies are required to examine this issue further.
The gp91 phox subunit of NAD(P)H oxidase has been reported to be distributed in the kidney with a prominent expression in renal vessels, glomeruli, mesangial cells, as well as tubular epithelial cells, including the macula densa (5, 9) . Although this isoform is abundantly expressed in the endothelial cell layer, reports (1) are also available that suggests the presence of this isoform in other layers of vasculature. Although the available reports do not provide any strong indication, it may be possible that a lack of this isoform alters the characters and functional activity of other subunits of NAD(P)H oxidase in an adaptive or compensatory manner in KO mice. However, such characterization of NAD(P)H oxidase subunits needs separate studies using in vitro preparations and specific targeted protocols. However, it should be emphasized here that the results from the present study provide strong support for the notion that gp91
phox plays an important role in the regulation of kidney function during NO deficiency.
It was noted that the basal blood pressure was not different in these KO mice compared with that in WT mice in the present as well as in our earlier study (13) . Similar results were also reported in studies from other laboratories (33, 38) except one (3) that showed a slightly lower blood pressure in KO compared with WT mice. As multiple factors are involved in controlling blood pressure, there may be a compensatory role of many other factors that maintain the blood pressure in KO mice. It should be noted that our present experiments mainly focused on the kidney functions but not on other organ or vascular beds. Thus the importance of gp91 phox in the regulation of total peripheral vascular resistance is yet to be determined.
Although L-NAME-induced reductions in RBF and vascular resistance were attenuated in KO mice, GFR was mostly unaffected by L-NAME in both strains. Baseline values of GFR in KO mice were not significantly different from those in WT mice as reported previously (13) . The inhibition of NOS was also reported to have none or minimal effect on GFR in many studies (6, 19, 23, 24, 29, 36) . These findings are consistent with the concept that NO exerts a proportionate influence on both preglomerular and postglomerular resistance segments (28) . It should also be noted that the magnitude of GFR depends on the filtration forces that depend on the balance between pre-and postglomerular vascular resistances. In conditions in which an equipotent balance is maintained, GFR may remain the same despite changes in RBF. Such a situation is noted in cases of administration of many agents, such as ANG II, ACh, or L-NAME (28) .
It was observed that systemic L-NAME infusion in mice in the present study resulted in marked increases in V and U Na V as similar responses were also also reported in rats (2, 6) . Although inhibition of renal NO generation leads to antidiuretic and antinatriuretic effects (21, 23) , such diuretic and diuretic responses to systemic L-NAME administration were suggested to be linked with marked concomitant increases in systemic arterial pressure (15, 36) . However, it is interesting to note that such increases in V and U Na V in response to L-NAME were significantly lower in KO mice compared with WT mice, despite a similar increase in arterial pressure in both the strains. Baseline values of V and U Na V as well as systemic arterial pressure were not significantly different between WT and KO mice as reported previously (13) . Although the diuretic and natriuretic responses to L-NAME administration were suggested to be the effects of associated increase in arterial pressure (15) , it was also demonstrated that inhibition of renal NO production abolishes arterial pressure induced increases in U Na V (21, 22) . Thus the exact reason for such diuretic and natriuretic responses to systemic L-NAME is not yet clearly defined. Moreover, it is interesting that these diuretic and natriuretic responses to systemic L-NAME administration were markedly attenuated in KO mice that are lacking a subunit of NAD(P)H oxidase. It should also be noted that NE administration also caused a similar increase in arterial pressure in both KO and WT mice as with L-NAME administration. Nevertheless, NE caused only a mild diuresis and natriuresis and the responses are not significantly different between the strains. Thus these results seem to indicate that a lack of NAD(P)H enzyme activity contributes to these attenuated diuretic and natriuretic responses to systemic L-NAME administration in KO mice. This notion is somewhat difficult to explain at present as all the available data (24, 25, 30) indicate that the enhancement of O 2 Ϫ activity leads to sodium retention as opposed to observed natriuresis in response to L-NAME in WT mice. However, the reduced natriuretic response to systemic administration of L-NAME in KO mice cannot be explained by the lower NO production or autoinhibition of NOS in KO mice, as this response was observed in the presence of NOS blockade (2, 6) . The present findings clearly indicates that the full expression of this natriuretic response to systemic L-NAME administration is linked to the intact NAD(P)H oxidase enzyme activity. It is possible that other natriuretic agents, such as atrial natriuretic peptide and endothelin, may be released in the oxidative stress condition (40) induced by NOS inhibition in WT but not in KO and thus contribute to the difference in the responses in both the strains. Further comprehensive studies will be required to examine this possibility.
In conclusion, the results of the present investigation indicate that the increase in O 2 Ϫ production during NOS inhibition results from the activation of NAD(P)H oxidase and such enhancement of O 2 Ϫ activity partially contributes to the renal vasoconstriction in the condition of NO deficiency.
